Abstract
Introduction

1.
Housing production is one of the oldest producing fields in the history of mankind. Housing that is one of the most fundamental rights of people is not only a shelter but also a source of security for individuals and families in the community, an investment tool and a building block in the formation of living environment. Housing need of people is met by houses that are economic goods and it cannot be replaced with any other object. These features of housing that are different from the other goods affects the process of markets, so housing market is assumed to be different from the other markets.
Housing sector with the scope of labor intensive industries and with the structure which largely receives input from sub-industries and the related sub-sectors are among the most important dynamics of the national economies. Sector takes over the duty of leverage mostly with the value added it creates and the structure that keeps the economy vibrant, the feature of stimulating more than two hundred sub-sectors.
The requirement of close monitoring the developments of housing markets having dynamic features due to its structure and which have a strong relationship with economic activity has come to the agenda with the last global crisis experienced. Housing market containing systemic risks is affected directly by the macro and micro economic conditions, and has become one of the sectors feeling the changes to occur in the relevant conditions. Following closely the supply and demand indicators in housing market requiring a longer assessment period compared to the other sectors in terms of making both production and consumption decision is one of the most important subjects. Making predictions in order to make a proper analysis for "sensitivity" and "trends" in terms of supply and demand are predictions for the future to make a proper analysis becomes necessary for a sector in which such dynamics and movement will create a domino effect in the economies.
One of the sectors contributing to economic growth in Turkey that is one of the world's fastest-growing economies in recent years is undoubtedly the housing sector. Although the great earthquake disaster occurred in 1999 in Turkey and then the economic crisis experienced in 2000 -2001 years caused postponement in housing demand, it is seen that the sector has slumped into a major process of change since 2005 with structural reforms and transmission programs. But in 2008, the global financial crisis that took the whole world under the influence and resulted from the housing loans in the US (mortgage) caused a significant contraction in the housing sector and increases the sensitivity on these sectors. With the experience of global crisis, while a decline was being experienced in demand for housing in Turkey in 2008 and 2009, housing demand has pursued a balanced growth in demand since 2010. While it was being reached to the historical levels with 1.165.381 house sales with an increase of 0.7% compared to the previous year in Turkey, an increase of 173% in house sales was observed between the years of 2008-2014.
The purpose of this study is to make predictions by using house sales data in ten provinces where house sales occurred most intensively and in all provinces in Turkey between 2008-2014 with Grey forecasting model (GM) and Grey Verhulst Model (GVM) and indicating whether these predictions are reliable models or not by comparing these predictions with the values occurred and in this context, it is the realization of house sales forecasts covering the years of 2015-2018. Grey System Theory was developed as an alternative theory for the quantification of the uncertainty in the early 1980s by Deng Ji-Long. The basic idea of the emergence of the theory is to predict the behaviors of uncertain systems that cannot be overcome with stochastic or fuzzy models with the help of a limited number of data. Grey forecast is an alternative prediction model in order to make forward predictions in weak data sets that are not complex, chaotic and imprecise. The model is different from the other prediction models with requiring a small number of data and high forecasting reliability and it is more useful compared to intuitive models such as artificial intelligence and fuzzy logic.
Grey forecasting model (GM) has been successfully applied over the last thirty years from the first day it raised until now in many sectors especially social, economic and industrial systems. In scientific literature about the model, it is seen to be applied in many sectors. Hsu (2003) indicated in his study comparing grey forecasting model to conventional models that grey model gave better results for the short-term forecasts in demand forecast for integrated circuit systems. In their study, Yao et al. (2003) developed a grey-based adaptive forecasting model for forecasting the electricity demand for very short terms. As a result, in businesses consuming high energy, they obtained a result protecting transaction costs. Akay and Atak (2007) indicated in their study in which they used electricity demand data in Turkey between 1970 -2004 how healthy forecasts were made in the field of energy by the model. Kung and Chang (2003) made forecasts about sales by using the data between 1995 -2001 in their study where they used grey forecasting model for China automotive industry. Kayacan et al. (2010) analyzed Euro and Dollar parity to cover the years 2005-2007 with grey-based system. Askari and Askari (2011) indicated in their study where they used grey forecasting model to estimate gold prices that the model gave successful results. In his study where he used the sales figures of a drug company, Wang (2007) made estimations by using grey forecasting model as well as grey Verhulst model and he compared the results of both models. In their study, Wang et al. (2007) developed a new model for grey Verhulst model and applied this model on traffic in the port motorway. In their study where they used phone subscription types and numbers as data, Kordnoori et al (2014) made estimations by using grey forecasting model, grey Verhulst model and grey Markov model of estimates in the study used the results in the comparison of the models they used. With a different study conducted by Wang et al. (2012) , grey forecasting system has been proposed constituting early warning of food security. When it is examined in terms of scientific literature, it is possible to examine the studies done in the theory of grey system under six main headings as grey production, grey relational analysis, grey modeling, grey forecast, grey decision-making and grey control.
In this study, house sales data until 2018 in Turkey was estimated by using house sales data in all provinces in Turkey between 2008-2014 and in ten provinces where house sales took place most intensively with the grey forecasting model (GM). In the continuation of the study, grey forecasting model is described in detail in Chapter 2. In the 3rd section of the study, grey Verhulst (GVM) and new grey Verhulst (NGVM) of the estimation models within grey system theory have been examined. In the 4th part of the study, the data between 2008 -2014 were estimated with GM, GVM and NGVM models and the relative errors was calculated and comparisons among the models were made by testing their reliability. In the 5th and last section of the study, the results obtained were evaluated and it was focused on the work to be developed prospectively.
Grey Forecasting Model (GM) 2.
The grey system theory developed by Deng Ji-Long in the early 1980s as an interdisciplinary approach, focuses on uncertain, inadequate and incomplete data sets to analyze and understand the systems through condition analysis, forecasting and decision-making. Here, light colors refer to clarity and dark colors refer to the uncertainty. While black is expressing to have no knowledge about system characteristics and parameter, white means to access all the information about the system. Between black and white "grey", expressed as color indicate completely unspecified systems. Also in real life, it is made decisions under inadequate and incomplete information assumptions called as the main features of GM. GM uses this part of grey system theory that is a basis.
Probability and statistics, fuzzy mathematics and grey system theory are the most common models used in studies for non-deterministic system. Different from the other two different theories, grey system theory was developed to find solution to the problems having small sample size and where poor information is located. The following table shows the differences between the three theories as summary. On the other hand, the basic features of grey forecasting model that is one of the main field of occupation differ from traditional forecasting models is the requirement of the limited number of data in order to predict the behaviors of the uncertain system. Traditional forecasting models such as time series need large amount of past period data and known statistical distribution.
On the contrary to the traditional forecasting models, the basic feature of grey forecasting model is that it does not require strict assumptions about data set and it can be applied successfully in the analysis of the systems having limited data. The following table shows the comparison of traditional forecasting models. GM uses a cumulative model to create differential equations and requires little data. GM (1,1) that is first-degree univariate model used commonly in literature within the scope of the study was used; GM (1,1) is a time-series having varying coefficients in time and hosting a group of differentiable equality. GM (1,1) is defined as follows. Assume that Original time series with n sample number.
(1) Accumulated generating operator (AGO) turns series continuing as chaotic increasing monotonously into following series.
(2) In order to reshape GM (1,1) and calculate coefficients, first degree grey differential equality is applied by using and series.
, (3) Forming state for GM (1,1) is obtained as follows.
In equity (3), ; is described as time points, ; is as development coefficient and ; is as drive coefficient. The least squares method over equity (2) and (3) is used and coefficient is obtained.
and (5) In order to find the solution of in equity (3), the following differential equity is used.
(6) According to the predicted and coefficient, with placing coefficient in equity (5), is obtained with GM as a result of first degree differentiable equity that is solved.
(7) So,
indicates the prediction at time point of and it is . is obtained by InverseAccumulated generating operator (IAGO) on .
(8) In GM (1,1) , all data set is used to make forecast. In case of having chaotic data using the data of recent period is suggested for increasing the forecasting accuracy. In GM , as far as k<n in GM(1,1) forecast is made by applying to data. After result is found is added to the end of data and at the same time oldest data is removed from data set and operation is repeated. Forecast value of the next period is used to forecast value. In order to measure the efficiency of GM (1,1), mean absolute percentage error (MAPE) values are calculated by comparing the realized and forecasted values.
The efficiency of MAPE values, expressing the average of sum of absolute values of percentage errors, in forecasts obtained by GM (1,1) are shown in below table. 
Grey Verhulst Model (GVM) 3.
Verhulst model was initially proposed by German mathematician -biologist Pierre Francois Verhulst in 1837. The main aim of the model is to limit all development for a real system. This non-linear model are effective in defining many increasing processes having saturation region or such as S shaped curve. GVM which is handled as a forecast model within grey system theory, anticipates that original data and raw data should be in S shaped curve form in order not to obtain weak forecast results. GVM is defined as below.
Let be sample quantity and be original time series
Let be sample quantity and be raw time series Accumulated generating operator (AGO), converts chaotically continuing series to the monotonously increasing series below.
(11) The series belonging to the consecutive neighbours of series and configurated form is obtained as below.
In order to find the solution of below differential equation is used.
(13) (14) In equation (13) similar to GM (1,1), is defined as time dots, is defined as development coefficient and is defined as driver coefficient. Through equation (10) and (13) coefficient is obtained by using least squares method similar to GM (1,1).
and (15)
As a result of solution of for time, GVM is obtained.
Mean absolute percentage error (MAPE) obtained as a result of GVM is calculated by the formula below. ,
As seen in equation (16) if , , and at the same time if This expression means the saturation point in equation (16) where the value limiting the forecast value is . This expression at the same time means that when is great enough and values will be very close. Due to this property, GVM is widely used in definition and forecasting of processes with saturation region.
Although GVM was initially proposed for modeling a living creature population in a limited area but it is also widely used in forecasting statistical and econometric models. However as statistical and econometric modellings are made with big samples an increasing GVM in S shaped curve form and suggesting usage of small samples had to be developed. In line of this requirement Wang et al. developed a new model for grey Verhulst model in a study they performed in 2007 and named it as "New Grey Verhulst Model (NGVM)". NGVM aims to use trapezoid formula instead of difference model and differential equations for forecasting coefficient in order to increase the accuracy of forecast. NGVM is defined as follows.
Let be sample quantity and be raw time series
The stages in GVM (10) - (14) are followed similarly and coefficient is obtained. However formulation is differentiated during obtaining stage of B matrix. (18) Similar to GVM, NGVM is obtained as a result of solution of for time.
As seen in equation (19) if , and at the same time if . This expression means the saturation point in equation (18) where the value limiting the forecast value is . The flowchart summarizing the stages in GVM and NGVM are shown below. The main aim of this study is to forecast the housing demand in Turkey by using GM, GVM and NGVM and compare the mentioned models. All data used under the scope of the study were provided by Turkish statistical institute (TUIK). In the study house sales data in ten provinces of Turkey where house sales activity is most intensive between 2008-2014 were used and in below tables the data between years 2008-2014 were forecasted by GM, GVM and NGVM in order to calculate the mean absolute percentage error (MAPE) values and comparisons between models were made by testing their reliabilities. (2008) (2009) (2010) (2011) (2012) (2013) (2014) When house sales data in ten provinces of Turkey where house sales activity is most intensive between 2008-2014 were examined NGVM, GM (1,1) and GVM original data are most reliable models for the study. From this point of view NGVM where MAPE value was determined to be lowest demonstrates a forecast reliability of 100% -7.034% = 92.966%. In terms of calculated mean absolute percentage error GVM original data gives much better results compared to GVM raw data and the fact that there is no significant difference between forecasted and actual values expresses the success of NGVM, GM (1,1) and GVM original data so as to perform forecasting on chaotic data with a very low error ratio.
In figure 3 , it is possible to see realized house sales values in all provinces of Turkey and the forecast values for 2008-2018 obtained from GM (1,1), GVM original data, GVM raw data and NGVM. In this direction, the forecasts obtained from the NGVM, GM (1,1) and GV original data which have the lowest MAPE values shows that the house sales in Turkey will demonstrate an increasing trend between 2015 and 2018. 
Conclusions
5.
In this study, GM (1,1), GVM and NGVM were used in order to analyze the house sales quantity in Turkey between 2008 and 2014 and to make forecast for the future in light of this data. These forecasts were compared with the values realized between the same years so it was demonstrated that GM (1,1), GVM and NGVM perform healthy forecasts in terms of obtained results and MAPE ratios. After the global crisis, starting from 2010, housing sector in Turkey was active. Together with the rapid growth in housing sector, which is the locomotive of the economical developments, Turkey's young and dynamic demographic structure is considered to support the demand towards housing market in incoming years. On the other hand urban conversion process which will further show its effect on the sector in incoming years and borrowing costs and stability in labor market which are most important factors affecting the demand of households are considered to have important contribution to development of sector.
Considering that the housing market in Turkey is directly affected mainly from demographic structure, prosperity and growth of the country, interest rates and regulations related with housing sector following and analysis of the indications related with the sector become more important. Forecasting the future in order to take proactive precautions against the possible problems is becoming obligatory for the sector. For these reasons GM (1,1), GVM and NGVM were used to demonstrate their reliability and the housing demand in Turkey between 2015 and 2018 was forecasted. As effective forecast models it was proved that GM (1,1), GVM and NGVM can be used for the forecast of other indications related with the sector.
When literature is examined it is observed that there are no studies in Turkey related with housing demand performed by grey forecast, that GM (1,1) is mostly used in studies related with demand forecast but that forecasts obtained from GVM original data, GVM raw data and NGVM were not comparatively incorporated to the studies together with GM (1,1).
In this study which was performed by GM (1,1), GVM original data, GVM raw data and NGVM, forecasts were made by starting from single data set. In the literature many intuitional and stochastic models are used together with GM. In future stages of the study, above mentioned models will be used and instead of using single data set the factors
